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Abstract
The review focuses on those personality traits (neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness), constructs (alexithymia and distressed – Type D personality) and emotional patterns (negative and positive) that are of particular concern in health psychology, with the aim to highlight their potential role on the pathogenesis, onset, symptom clusters, clinical course, and outcome of irritable bowel syndrome (IBS). Personality traits and emotional patterns play key roles in affecting autonomic, immune, inflammatory, and endocrine functions, thus contributing not only to IBS clinical expression and symptomatic burden, but also to disease physiopathology. In this sense, psychological treatments should address those personality traits and emotional features that are constitutive of, and integral to IBS. The biopsychosocial model of illness applied to IBS acknowledges the interaction between biological, psychological, environmental, and social factors in relation to pain and functional disability. A holistic approach to IBS should take into account the heterogeneous nature of the disorder, and differentiate treatments for different types of IBS, also considering the marked individual differences in prevalent personality traits and emotional patterns. Beyond medications, and lifestyle/dietary interventions, psychological and educational treatments may provide the optimal chance of addressing clinical symptoms, comorbid conditions, and quality of life in IBS patients.
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Core tip: The complex nature of irritable bowel syndrome (IBS) requires a multidisciplinary approach from different fields of scientific knowledge. This review examines the contribution of personality traits and emotional patterns to pathophysiology, clinical expression, and outcome of IBS. Several personality traits and constructs, such as neuroticism, conscientiousness, and alexithymia, are closely associated with IBS. Negative emotions, which are probably more entangled with neurobiological substrates, seem to have a key role in the brain-gut axis dysfunction which characterizes IBS. Based on the reviewed evidence, effective treatments for IBS should also address personality traits and emotions to improve outcomes in IBS patients.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional disorder of the lower gastrointestinal (GI) tract characterized by abdominal pain or discomfort, alterations in bowel habits (constipation and/or diarrhoea), and changes in stool frequency and/or form[1]. 
IBS has a great impact on socio-relational and work functioning, and patients usually report significant reduction of health-related quality of life, work productivity, and general distress in everyday life activities including diet, travel, physical appearance, family, education, and physical and sexual relationships[2]. In addition, IBS presents a primary healthcare burden accounting for the majority of the total health costs associated with general practitioners andgastroenterologists consultations, hospital admissions, and pharmacotherapy prescriptions.
The pathogenesis of IBS is heterogeneous and complex, probably resulting from interactions of several factors. Traditionally, pathophysiological explanations of IBS have focused on host-related factors such as abnormal motility, visceral hypersensitivity, and enhanced pain perception[3,4], although none of these factors can account for symptoms burden in the majority of IBS patients. Research has also focused on dietary intolerance[5], low grade inflammation and altered gut immune activation[6], intestinal permeability and alteration of microbiota[7], abnormalities in the autonomic nervous system[8], and stress[9]. 
More recently, the relationship among central nervous system (CNS), autonomic nervous system (ANS), and enteric nervous system (ENS), and the bi-directional communication between the neural and immunological networks within the gut, related to as the brain-gut axis, has provided a major contribution to the understanding of IBS pathogenesis[10]. The dysregulation and/or the hyperreactivity of the brain-gut axis involves neural, immune and endocrine pathways that are affected by environmental, biological and psychosocial stressors[11,12].
Basic and applied research across a range of clinical areas has established the importance of the biopsychosocial model of illness[13] that has provided a valid framework for understanding the bi-directional relationships between mind and body. Differently from prior paradigms which have offered purely biological or entirely psychosocial explanations, such perspective, integrating biological and clinical sciences with individual features, has postulated how heterogeneous factors and environmental processes interact together to affect physical health and illness onset, course, and outcome[14]. It has been suggested that psychosocial factors may modify the course of illness, and that their relative weight is quite variable, depending on individual differences, on illness typology, and also, in the same individual, that their contribution may even vary between different episodes of the same illness[13]. 
Actually, although the dominant model of disease still remains biomedical, a large amount of research have highlighted the role of psychological factors, stressful life events, and environmental demands in modulating individual vulnerability to diseases, whereas psychological well-being seems to be a protective factor in the dynamic interplay between health and illness[14]. Thus, taking into account general factors such as quality of life, daily functioning, productivity and social performances, cognitive abilities and emotional stability should be an essential part of diagnostic and clinical processes and patient care[15]. 
Within a holistic, person-centred perspective, there is a growing need to include patients related outcomes (PROs), such as self-reported symptoms, psychological well-being, patients’ satisfaction with treatments, and functional status in the context of clinical care and in treatment decision making, with the aim to provide subjective indicators of the impact of disease and of treatment efficacy, and a more extensive knowledge of clinical outcomes[16]. 
Within the biopsychosocial framework, IBS pathophysiology can be viewed as resulting from multiple interactions between biological mechanisms and psychosocial factors: external stressors, including life events, may affect and disrupt the regulation and activity of the brain–gut axis, therefore contributing to IBS onset, symptoms recrudescence, treatment response, and outcome[17]. Beyond psychosocial stressors, also genetic predisposition and early-life stress, both physiologic or psychological, may affect the bidirectional pathways between gut and brain, thus influencing individual vulnerability to develop IBS later in life, with each successive exposure to stressors possibly triggering or exacerbating IBS symptoms[18]. 
The role of negative effects, autonomic nervous system, stress-hormone and immune systems, along with psychiatric comorbidity and subclinical variations in depression, anxiety, and anger in relation to pathophysiology and clinical expression of IBS have been highlighted in our previous review on these issues[19].
The present review was aimed to examine the role of personality traits and prevalent emotional patterns on the pathogenesis, onset, symptom clusters, clinical course, and outcome of IBS within the biopsychosocial model of illness and disease. 

PERSONALITY: CONCEPTUAL ISSUES AND TAXONOMY 
The term personality refers to regularities and consistencies in behavior and forms of experience, including relatively consistent pattern of thoughts, feelings, and perceptions[20]. 
Although personality is actually an all-encompassing concept making other terms almost unnecessary, constructs as “temperament” and “character” are still used, and they offer a main contribute for a deep understanding of personality formation.
From a developmental perspective, individual differences appear early in life as simple, stylistic features of personality grounded on a biological substratum of relatively heritable differences in emotional reactivity and regulation, and in withdrawal/approach behaviors towards environmental stimuli; these early individual differences are encompassed under the term temperament[21]. Character refers to those aspects of personality that are shaped by learning and interaction with the environment; however, the distinction between temperament and character traits is not so clear cut, considering that each personality trait is virtually heritable, and its full expression will be ultimately determined by environmental influences, also mediated by epigenetic mechanisms altering genome function under exogenous stimuli[22]. 
One of the most interesting developments in personality research has been the emergence of the five-factor model accounting for the trait structure of personality[23]. The model identifies five broad personality dimensions that are assumed to have a biological origin, and that have demonstrated remarkable stability across cultures and, in the same individuals, for up to 45 year intervals[24]. 
The identified dimensions are neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness. Neuroticism refers to a tendency toward negative emotions (anxiety, hostility, depression) with high reactivity to physiological changes, emotional instability, vulnerability to stress, and an inclination toward impulsive behaviors. Extraversion refers to the attitude to experience positive emotions, warmth, excitement seeking, and activity. Openness to experience describes tendencies toward imagination and fantasy, aesthetics, creativity, ideas and values, and thought flexibility. Agreeableness involves a pro-social, altruistic orientation towards others, trust, straightforwardness, and tendermindedness. Finally, Conscientiousness includes competence, order, self-discipline, and achievement striving. 
There is a general agreement that the trait remains the best construct for conceptualizing individual differences; further consensus lies upon the hierarchical organization of traits, with a larger number of lower-order traits combined to form fewer higher-order traits. However, the nature of some of the putative traits is still a matter of debate within different frameworks; neuroticism and extraversion are clearly associated to the response to negative and positive emotions, respectively. 
Thus, emotionality may be considered as a relatively stable individual trait, so that subjects characterized as highly emotional will strongly react to emotional stimuli, particularly negative ones. 
Beyond the five-factor model, other personality constructs seem relevant in health research: alexithymia and the distressed (Type D) personality. 
Alexithymia, one of the personality traits that has received higher attention in the psychosomatic literature, involves a reduced ability to identify, describe and discern subjective emotions and feelings, poor imaginative thought and introspection, and a cognitive style that is concrete and externally oriented[25]. 
Type D personality consists of two stable general traits: Negative Affectivity, and Social Inhibition (SI), and it is characterized by the tendency to experience negative emotions across a wide range of daily situations, and to suppress and inhibit emotional expression[26,27]. Table 1 highlights main personality models.

PERSONALITY AND HEALTH
The old-fashioned assumption which has dominated earliest psychosomatic research was that specific personality profiles were associated with specific somatic illnesses; however, no evidence has been reached by this line of research. More recently, a large amount of research has examined the relationships between personality traits and health, starting from the hypothesis that personality traits could be distal predictors of health outcomes, influencing health outcomes either directly[28] or via a number of mechanisms. Three main mechanisms have been identified: pathogenesis, in which traits may result in various physiological reactions both to external and internal stimuli, leading to susceptibility to illness, health behaviors, and coping with illness[29]. Furthermore, personality traits may also influence health via social cognitions and associative processes, whereby environments become associated with symptoms and illness behaviors, acting as triggers to illness presentation[30], and, finally, communication with health professionals. Regarding pathogenesis, consistent individual differences in stress reactivity as documented by changes in the hypothalamic–pituitary–adrenal (HPA) axis, measured by cortisol levels, and in the ANS system, as indexed by cardiovascular activity, may reflect consistent variations in basic personality traits. It is almost convincing that variations in reactivity to stressors are to some extent built on individual differences in personality traits; beyond stress perception and biological reactions to stressors[31], personality traits have an acknowledged influence on stressful life event exposure, a process known as stress generation[32]. Higher neuroticism and impulsivity, along with lower agreeableness, directly predicted the occurrence of dependent stressful life events, those events which are partly attributable to the person’s own behavior, and indirect effects linked these personality traits to new health problems, suggesting that personality-related stress generation contributes to the decline of physical health in late mid-life[33].
More directly, neuroticism has been also associated with reduced cellular immune activity[34], increased pro-inflammatory cytokine levels[35], and lower cortisol stress reactivity[36]; a negative constellation of personality traits involving higher neuroticism, lower agreeableness and openness was associated with diminished stress reactions both of the cardiovascular system and the HPA axis[37]. The association between neuroticism and blunted physiological stress responses has not been extensively replicated, since a number of studies reported no association between neuroticism and cortisol changes during exposure to stressors[38,39]. 
Other personality traits of the five-factor model have received less attention in the context of health studies. Extraversion was related to reduced cytokine levels, increased cortisol levels, and, along with high levels of Openness and Conscientiousness, to slow disease progression[40]; moreover, low conscientiousness was associated with higher cumulative illness burden in later life[41], whereas high conscientiousness was a reliable predictor of longevity[42]. No relationships were found among agreeableness, cortisol levels, and cardiovascular stress reactivity, whereas conflicting results have been reported for openness[43,44]. 
Moving towards other personality constructs, it has been proposed that alexithymia could affect health through a number of pathways, directly influencing autonomic, immune and endocrine activities leading to tissue damage and to the increased vulnerability to illnesses, or indirectly, by somatosensory amplification that causes low tolerance to painful stimuli[45]. Alexithymic trait resulted associated with increased mortality[46], worse physical health outcomes[47], increased risk taking, internet addiction, and negative health and sexual behaviors[48-50]. High prevalence of alexithymia was found in major diseases, such as cancer[51], type 1 diabetes[52], and systemic lupus erythematosus[53]. 
Finally, Type D personality seems to confer a specific vulnerability to chronic stress, and it has been associated with increased pro-inflammatory cytokine levels[54], higher risk of morbidity, mortality, low subjective and physician-assessed health ratings, lesser health behaviors[41], and worse illness perceptions in cancer survivors[55]. 
Overall, findings from health research highlight the potential role of personality, conceived as built up from broad and stable traits, as a unifying structure embracing heterogeneous psychosocial factors which tend to cluster together, and contribute to raise the risk for illness onset, course, and outcome. 

PERSONALITY AND IBS
The large amount of findings reporting high rates of psychological symptoms and psychiatric comorbidity in IBS seems to indicate that affective and psychosocial symptoms may be specific and basic to the syndrome; nevertheless, research on personality structure and traits distribution in IBS subjects is still questionable. 
Early studies on personality factors in IBS patients were performed by using the Eysenck Personality Inventory – EPI[56] which measures two pervasive, independent, and opposite dimensions of personality, the polarities Extraversion-Introversion and Neuroticism-Stability; these dimensions, according to the Authors, should account for most of the variance in the personality domain. Neuroticism scores on the EPI resulted significantly higher only in diarrhoea-predominant IBS (IBS-D) subjects when compared with patients affected by ulcerative colitis and general medical patients[57]. Palmer et al[58] evidenced that IBS patients were significantly more neurotic and less extroverted than general population (established normative data), but significantly less neurotic and more extroverted than patients affected by psychoneurotic disorders (neurotic depression, anxiety phobic state, obsessional illness, hysterical disorder, or a combination of these). However, it should be taken into account that the cited studies are characterized by small samples, low statistical power, restricted range, and arbitrary categorization of psychiatric disorders. 
The shared agreement reached by the five-factor model[23] as a useful theoretical framework for understanding and describing basic personality dimensions, and the development of reliable questionnaires, such as the NEO Five-Factor Inventory - NEO FFI[59] for the assessment of the factor structure of personality descriptors, have led to a renewed interest in exploring personality factors in functional GI disorders (FGIDs). 
As reviewed in the previous section, among the five factors neuroticism has been identified as the personality dimension more closely associated to health and illness processes, and this evidence is also supported in IBS research[60]. Neuroticism, which confers a marked vulnerability to negative emotions, is one of the main features of patients with FGIDs also when controlling for psychiatric comorbidity[61], and it has also been identified as a risk factor for the development of IBS[62].
A community study evidenced an association between neuroticism and a past history of sexual, physical, and emotional/verbal abuse in IBS patients, suggesting that neuroticism could predispose to the reporting or development of IBS symptoms by a subset of subjects[63]. The link between neuroticism and abuse has been further supported by a more recent, longitudinal study by the same research group: abuse during childhood was significantly associated with elevated levels of neuroticism which was strongly related with baseline prevalence of depression and anxiety, and with moderately elevated scores on interference with life and activities, but not pain. Based on their findings, the Authors suggested a conceptual model for IBS characterized by a “vicious circle” between mood disorders and bowel symptoms in adulthood, with initial input from early life factors[64].
Regarding the evaluation of the five personality factors in prevalent IBS subtypes IBS-D, constipation-predominant (IBS-C), and alternating diarrhoea and constipation (IBS-A), two studies have reported conflicting results. 
A first study in non-psychiatric IBS subjects showed that IBS-C patients were characterized by higher levels of neuroticism and conscientiousness, as documented by higher mean scores on the NEO-FFI[65]. Opposed findings have been reported by a cross-sectional study on a sample of Japanese university students, since IBS-D patients showed higher levels of neuroticism than IBS-C subjects and healthy controls; moreover, neuroticism was positively correlated with the severity of IBS symptoms[66]. Such conflicting results reflect the heterogeneity of findings from research assessing negative emotions and psychological distress in IBS subtypes, with studies reporting more psychological symptoms in IBS-C patients[67,68], and others documenting higher rates of psychiatric comorbidity and psychological distress in IBS-D patients[69]. It is well-known that negative emotionality, a feature of neuroticism, can increase colonic motility, and this effect is more evident in IBS patients[70]; high levels of neuroticism, anxiety sensitivity, trait worry, and increased vigilance toward visceral sensations are common features of IBS patients and reliable predictors of IBS symptoms[71]. However, it seems quite difficult to interpret these findings, and it remains unclear to draw univocal conclusions from research on personality and psychological differences among IBS subtypes, as documented by the mixed results reported in a recent meta-analysis[72]. 
Beyond neuroticism, another personality dimension, conscientiousness, resulted sporadically related with IBS in previous studies[65]. More recently, complaint severity in IBS patients was found negatively associated with conscientiousness and agreeableness, and positively associated with neuroticism and anxiety; the relationship between complaint severity reports and conscientiousness was modified by genetic variation in catechol-O-methyltransferase (COMT)which is involved in mediating sympathetic and dopaminergic tone through catecholamines degradation, thus participating in the complex affective, personality, and cognitive networks also involved in IBS pathophysiology and clinical expression[73].
A quite consistent amount of research has examined the role of alexithymia in IBS. Alexithymia has been found significantly associated with IBS and others FGIDs with variable prevalence rates (up to 66%), probably depending on methodological differences in diagnostic and assessment criteria[74,75]; moreover, alexithymia seems to affect responsiveness to treatment[75,76]. 
A study aimed at evaluating potential psychosocial predictors of IBS diagnosis and severity has identified six factors that significantly predicted IBS symptom severity, accounting for 61.3% of the variance: two alexithymia features (difficulty in identifying feelings and in describing feelings), gender, maladaptive cognitive schemas (defectiveness/shame and entitlement), and general psychological distress[77]. Similar findings emerged from a recent study that assessed alexithymic features and gastrointestinal-specific anxiety (GSA), which refers to worry, hypervigilance to, fear, and avoidance of GI sensations and contexts in IBS patients; results showed the association among alexithymia, GSA, and severity of IBS symptoms, with alexithymia explaining much more unique variance in IBS severity as compared with GSA[78]. Potential mechanisms by which alexithymia could affect IBS severity include the core features of this personality construct, such as the tendency to focus on, intensify, and misinterpret bodily sensations and somatic sensations triggered by states of emotional arousal; moreover, higher pain intensity to rectal distension in alexithymic IBS patients than in non-alexithymic controls has been documented[79].
Type D personality, the latest personality construct taken into account for the purposes of the present review, has not received the same attention as other personality factors in IBS research. 
One study[80] evidenced that Type D personality, whose prevalence reached 40.6% in the examined sample, significantly decreased health-related quality of life (HRQoL); this finding was congruent with the extensive evidence of impaired HRQoL in several clinical samples affected by diseases other than GI disorders, mainly in coronary heart disease patients[54]. However, regression analyses showed that only the dimension negative affect of Type D personality, along with severity of symptoms and duration of treatment, remained strong independent determinant of HRQoL, whereas no significant associations between social inhibition and HRQoL were found. 
Yet, caution is needed in interpreting such findings, since the established association between Type D personality and quality of life exclusively relies on negative affectivity which could affect HRQoL independently from the personality construct. A further study reported significantly higher prevalence rates of Type D personality in IBS patients than in healthy controls (45.4% vs 12.8%, respectively); Type D personality was significantly correlated with poor self-reported sleep quality, and it remained an independent predictor of impaired sleep also when controlling for the confounding influence of socio-demographic and clinical variables, including anxiety, and depression symptoms[81]. 
Taken together, the available findings do not allow drawing firm conclusions on the contribution of personality traits and constructs to IBS pathophysiology, clinical presentation, and severity of symptoms. This may be due to the complex nature of personality dimensions that are formed by higher order-traits comprising simpler, basic dimensions, such as emotional features, which are probably more connected to neurobiological substrates. Table 2 summarizes the association between personality and IBS.
In the following sections we review main emotional patterns and their possible implications in health and IBS. 

EMOTIONAL PATTERNS: POSITIVE AND NEGATIVE EMOTIONS
Emotional patterns may be conceived as individual differences in emotional reactivity, processing and regulation; more specifically, they involve detection and appraisal of emotionally salient stimuli, and regulatory processes that can be automatic or controlled, conscious or unconscious, occurring at one or more points in the emotion generative process and final expression. 
Two broad dimensions of emotional patterns, accounting for the most part of basic individual differences in affective processes and emotional responses, and involved in psychological well being and distress, have been identified: positive affect (PA), or pleasantness, and negative affect (NA), or unpleasantness[82] (Figure 1). Although PA and NA, for their seemingly opposite nature, could be considered as two basic, separate poles of the same affective continuum, they are rather discrete dimensions describing not only positive vs negative valence (e.g., happy vs sad), but also involving activation levels (e.g., aroused vs unaroused)[83]. This approach is particularly functional to health research for connecting affective activation with physiological arousal, which is thought to be a primary pathway through which emotions may influence health[84]. 
PA is a dimension reflecting pleasurable engagement with the environment, and characterized by the prevalence of positive feelings and mood states such as interest, enthusiasm, happiness, motivation, high energy levels, mental alertness[85]; high PA levels translate into high energy, activity and concentration, whereas low PA is a state of fatigue and poor energy. 
NA is a pervasive disposition to experience aversive emotions, such as fear, sadness, guilt, disgust, anger, depression, feelings of subjective distress, and lack of energy; high NA levels are associated with significant subjective distress and dissatisfaction across time and in everyday life, low self-esteem, introspective tendencies, pessimism, negative thoughts, poor tolerance to stressors, and low energy[86]. 
In an evolutionary sense, quite discordantly from the assumptions of folk psychology that postulate that negative emotions are worse than positive ones, negative emotions are evolved adaptations which served the purpose of surviving in life-threatening situations, and their adaptive value lies in their ability to elicit specific action tendencies[87,88]. Anger and fear, for instance, evoke the “fight or flight” response, the urges to attack, also in defensive terms, or to escape, mobilizing optimal physiological support for the action called forth, and requiring substantial physical energy also through heightened cardiovascular reactivity that redistributes blood flow to relevant motor districts, and through specific neuroendocrine pathways that sustain the stress reactions[89]. 
On the other hand, positive emotions evoke nonspecific action tendencies (e.g., approach behaviors) and, secondarily, they are characterized by a relative lack of autonomic reactivity[89].
It has also been suggested that, whereas most negative emotions narrow individuals’ thought–action repertoires, according to the purpose of generating specific and targeted action tendencies, many positive emotions broaden individuals’ behavioral repertoires, prompting them to pursue a broader range of actions such as explore, play, approach, and building vital physical, cognitive, and social resources[90]. Furthermore, positive emotions lead to more prosocial and affiliative behaviors, and facilitate cognitive flexibility by shifting selective attention to reward stimuli in the environment[91]. 
PA and NA can be brief and transient, longer lasting, or trait-like features; within the research area on the impact of emotions on general health, each of these possibilities has been taken into account[92]; for the purposes of this review, in the next section we summarize research that has evaluated stable emotional patterns as trait attributes of individuals. 

EMOTIONAL PATTERNS AND HEALTH 
A growing evidence indicates that emotional states are associated with health. Whether the chronic experience of negative emotions can influence the development of illness, or trigger and exacerbate disease episodes, is still a matter of debate. Furthermore, it must also be taken into account that the effects of emotions in a healthy biological system may be rather different from effects in an impaired organism[93]. When exploring the possible influence of emotions on health, both the nature of the emotional experience, including valence (positive vs negative), frequency, intensity, and duration, and the type of the disease and course features, such as stage, progression, and severity, must be considered.  
From a longitudinal point of view, and within a developmental framework, it has been shown that patterns of emotional functioning that emerge in childhood are almost maintained into adulthood; thus, emotional functioning in childhood may provide an early indicator of adult health risk[94]. High chronic distress in childhood has been associated with a range of adult physical health outcomes such as number of physical illnesses[95], inflammatory diseases[96], and obesity[97]. 
Positive emotions are generally associated with improved physical and mental health[98], reduced risk of stroke[99], and lower mortality in both older groups and chronically ill samples[100].
However, it has also been shown that high levels of PA may be detrimental to end-stage or high short-term mortality diseases, whereas diseases with longer term expectations for living, in which adherence to medical regimens and diverse behavioral factors (e.g., healthy lifestyles) could play a role, were benefited or unaffected by PA[92]. 
Most research have focused on the harmful impact of NA on health: to the extent that negative emotions generate cardiovascular reactivity, higher NA has been mainly related to heart disease[101]; further lines of research have examined NA role in cancer[102], and in chronic illnesses, such as arthritis and diabetes[93]. 
Two sets of candidate mechanisms by which emotions may influence physical health have been highlighted. The first approach involves the impact of emotional states on thoughts and conducts that may potentially influence health-related behaviors, such as perceptions of risks, decisions to seek medical screenings or treatment, adherence to exercise and dietary regimens[103], strength and quality of social support, and interpersonal relationships driven by the predominant emotional pattern[104]. In a broad sense, positive affectivity and well-being are associated with healthy habits and lifestyles, as documented by the inverse relationships among depression, anxiety, and leisure-time physical activity[105]. On the other hand, negative effects are related to unhealthy patterns of functioning, poorer social networks, higher frequency of stressful events, and negative social interactions[92]. 
A more intriguing hypothesis that has received support by a growing body of research[106,107] suggests that emotions have the potential to directly influence health through psychobiological processes, defined as the physiological consequences associated with emotional arousal and subsequent changes in multiple systems (e.g., cardiac functioning, blood pressure, inflammation and immune responses, neuroendocrine pathways), thus leading to increased vulnerability to illness, or modifying illness course and progression[108]. It is acknowledged that negative emotions confer increased risk for disorders with an inflammatory and immune aetiology[109]: depression, anxiety, and anger have been linked with higher levels of pro-inflammatory cytokines such as interleukin IL-6 and other inflammation mediators, including C-reactive protein (CRP), and cellular adhesion molecules[110-112].

EMOTIONAL PATTERNS AND IBS
Research that has examined negative emotions in relation to the main pathophysiological and symptomatic correlates of IBS has most commonly considered anger, anxiety, and depression[67,113,114].
Such discrete emotions have been consistently associated to visceral and pain hypersensitivity. In the presence of negative emotions, visceral sensations tend to be more noticeable and labeled as painful[115]. IBS patients, but also subjects with mild GI symptoms, presented attentional biases to GI pain-related symptoms and social threats words[116], a higher tendency to scan the body for symptoms, and a greater burden of abdominal pain[117] than healthy controls. 
Also in IBS children and their parents negative emotions and multiple somatic complaints have been consistently reported[118]; furthermore, up to 45% of children with functional abdominal pain (FAP) displayed clinically elevated anxiety[119], whereas adolescents with frequent abdominal pain resulted at increased risk for depression, social isolation, and impairment in school functioning[120]. A study on a small sample of IBS children (n = 10; mean age 10.5 ± 2.2 years) has demonstrated a significant correlation between emotional instability and indexes of visceral hypersensitivity; emotional instability involved negative emotions, impulsiveness and impatience, all features associated with less effective ability to manage stressful life events[121]. 
In adults, evidence is more controversial: depression and anxiety were positively related with abdominal pain and pain duration[117], anxiety, depression, and the recall of painful memories were associated with a greater perception of visceral pain[122], depression levels were higher in those patients who reported lowered rectal pain threshold, but only in the alternating IBS subtype[123], whereas other studies did not find significant differences in negative emotions and pain thresholds according to IBS subtypes[124]. 
Regarding intestinal motility patterns, emotional arousal can augment colonic motility and diarrhoea also in healthy subjects, but this effect is mostly pronounced in IBS patients[70]; laboratory studies have provided evidence that anger-provoking conditions significantly increased colon motility in IBS patients, whereas anger suppression was associated with prolonged gastric emptying and delayed gut transit[125-127].  
A role for negative emotions in low-grade inflammation and altered immune activity in IBS has garnered support from studies demonstrating alterations on several inflammatory and immune parameters resulting in an imbalance of the proinflammatory and anti-inflammatory cytokines: elevated peripheral levels of the proinflammatory cytokines interleukine IL-1β and tumor necrosis factor (TNF) α, and decreased levels of IL-10, an anti-inflammatory cytokine, differentiated IBS patients with anxiety and depression from IBS subjects without negative emotions, and from healthy controls[128,129]. 
Finally, negative emotional patterns seem to be involved in another clinical feature of IBS: health-care seeking behavior. Anxiety has been identified as one of the main reason of medical consultation among IBS subjects[130]. However, the opposite is also true; the co-occurring experience of life events eliciting emotional arousal can lead individuals to attribute IBS symptoms to the stressful situation[112]. A recent study on a community sample of university students with IBS-like symptoms compared with a non-IBS reference group showed that health care utilization was mainly associated with IBS symptom severity, and not with emotional distress[131]. On the other hand, health care-seeking behavior is a non-specific feature of IBS patients, and it depends on many factors, such as the presence of pain, the severity of bowel symptoms, and duration of illness. 
Overall, in interpreting findings from studies of negative emotions and IBS it seems important to bear in mind the utility of a dimensional method based on the assumption that emotions rarely occur in isolation; thus, considering emotional patterns rather than each emotion in isolation could lead to a more realistic approach to the pathophysiology and clinical expression of IBS. 
A recent systematic review and meta-analysis has suggested that neither psychological markers nor symptom-based criteria and/or biomarkers alone performed well in diagnosing IBS, whereas combining symptoms, biomarkers and/or psychological markers seemed to perform better. The Authors suggested that one possible reason for the poor performance of psychological markers was that the reviewed studies predominantly used markers of anxiety and depression to predict the presence of IBS, whereas it would be more useful to include other emotional dimensions beyond anxiety and depression for improving the accuracy of diagnosing IBS[132]. Table 3 shows main findings on emotional patterns and IBS.

TREATMENT IMPLICATIONS: FOCUS ON PERSONALITY AND EMOTIONAL PATTERNS 
The biopsychosocial model applied to IBS acknowledges and highlights the interaction between biological, psychological, environmental, and social factors in relation to pain and functional disability. Within this framework, and also considering the bidirectional communications within the brain-gut axis, a holistic approach involving medications, lifestyle changes, dietary interventions, psychopharmacological and psychological treatments, and educational and behavioral strategies should provide the optimal chance of addressing clinical symptoms, comorbid conditions, and quality of life in IBS patients. 
Psychological and psychosocial treatments involving interactions between body and mind could be effective treatment strategies in reducing GI symptoms in adults with IBS; psychological interventions were significantly effective at first post-treatment assessment and at both short-term and long-term follow-up[133].
Various models of psychotherapy have been used in IBS with promising results; cognitive behavioral therapy, gut-directed hypnotherapy, interpersonal psychotherapy, mindfulness, body awareness psychotherapy, relaxation/stress management, and meditation have been proven effective on gastrointestinal symptoms and quality of life in IBS patients[134,135].
As reviewed in the previous sections, personality traits and emotional patterns play key roles in affecting autonomic, immune, inflammatory, and endocrine functions, thus contributing not only to IBS clinical expression and symptomatic burden, but also to disease physiopathology. In this sense, psychological treatments should address those personality and emotional features that are constitutive of and integral to IBS. 
The choice of a specific psychological model should take into account individual differences in clinical symptoms and personality features, after a careful assessment including a broad evaluation of gastrointestinal and pain symptoms, hyperarousal, emotional patterns, personality traits and profile, psychosocial aspects, and quality of life.
It has been shown that cognitively-focused therapies, such as comprehensive self-management, were less effective in reducing clinical and pain symptoms in IBS patients with higher sympathetic tone[136]. IBS patients characterized by high levels of negative emotions could benefit of treatments aimed at activating inhibitory processes through the utilization of emotion regulation techniques to down-regulate emotional arousal, and to enhance self-regulation of affective reactions to internal and environmental stimuli[137,138]. Beyond negative emotions, the trait of neuroticism is characterized by dysfunctional cognitions, worries, negative appraisals and catastrophizing, defined as the attitude to put emphasis on the threat value of painful stimuli[139]; accordingly, IBS patients with accentuated neuroticism as the prevalent personality trait could ameliorate on cognitive treatments targeting dysfunctional beliefs, automatic thought processes, and cognitive biases. 
Impaired body awareness has been reported in IBS-Dpatients[69] and in alexithymia[140]; particularly when an alexithymic component is present, body awareness techniques and psychoeducational strategies oriented to reduce misinterpretation of bodily sensations could be useful for helping patients to identify and express emotions, and to disentangle somatic symptoms from signs of emotional arousal[141]. 
Based on the reviewed evidence, multi-symptomatic IBS patients requires a complex, multidisciplinary approach. The process of prescribing pharmacological and non-pharmacological treatments should take into account the heterogeneous nature and clinical presentation of the disorder, attempting to differentiate the treatment for different types of IBS, also considering the profound individual differences in prevalent personality traits and emotional patterns.

CONCLUSION
A large amount of research has provided evidence that personality traits and emotional patterns influence health, disease, and quality of life through a range of biological and behavioral pathways, including physiological reactions to stimuli, reactivity to stressors, health behaviors, and coping with illness. This evidence also extends to IBS: personality and affective features are central components of the biopsychosocial model of IBS, being involved in functioning and dysregulation of the brain-gut axis, and contributing to the onset, recurrence and recrudescence of IBS. From early developmental stages, both genetic and environmental factors interact to shape emotional arousal and regulation, vulnerability to stressors, effective or maladaptive coping strategies, visceral and pain sensitivity, and thus symptom perception, illness behavior, daily functioning, quality of life and, finally, health outcomes. 
Given the relationships above, it is increasingly evident that a complex and heterogeneous disease such as IBS requires a multidisciplinary, integrated approach coming from different, although complementary disciplines. Further insights on vulnerability factors and pathophysiological pathways leading to symptoms clusters and clinical expression of IBS should be addressed in order to promote better health, quality of life, and effective treatments for IBS patients.
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Table 1 Personality models
	Model
	Features

	Biosocial (21)
	· Temperament: heritable differences in emotional reactivity and regulation, and in withdrawal/approach behaviors towards environmental stimuli.
· Character: aspects of personality that are shaped by learning and interaction with the environment.

	Five Factor (23)
	· Neuroticism: tendency toward negative emotions (anxiety, hostility, depression) with high reactivity to physiological changes, emotional instability, vulnerability to stress, and an inclination toward impulsive behaviors. 
· Extraversion: attitude to experience positive emotions, warmth, excitement seeking, and activity. 
· Openness to experience: tendencies toward imagination and fantasy, aesthetics, creativity, ideas and values, and thought flexibility. 
· Agreeableness: pro-social, altruistic orientation towards others, trust, straightforwardness, and tendermindedness. 
· Conscientiousness: competence, order, self-discipline, and achievement striving.

	Alexithymia (25)
	· A reduced ability to identify, describe and discern subjective emotions and feelings, poor imaginative thought and introspection, and a cognitive style that is concrete and externally oriented.

	Type D (26)
	· Negative affectivity: stable tendency to experience negative emotions (feelings of dysphoria and tension, negative view of self, somatic symptoms, attention bias towards adverse stimuli).
· Social inhibition: stable tendency to inhibit the expression of emotions and behaviors in social interaction (feeling to be inhibited, tense and insecure when with others).





Table 2 Personality and irritable bowel syndrome
	· Several personality traits and constructs, such as neuroticism, conscientiousness, and alexithymia, are closely associated with irritable bowel syndrome (IBS).

	· Negative emotionality, a feature of neuroticism, can increase colonic motility; high levels of neuroticism, anxiety sensitivity, trait worry, and increased vigilance toward visceral sensations are common features of IBS patients and reliable predictors of IBS symptoms.

	· The relationship between complaint severity reports and conscientiousness was modified by genetic variation in catechol-O-methyltransferase (COMT) which is involved in mediating sympathetic and dopaminergic tone through catecholamines degradation, thus participating in the complex affective, personality, and cognitive networks also involved in IBS pathophysiology and clinical expression.

	· Potential mechanisms by which alexithymia could affect IBS severity include the core features of this personality construct, such as the tendency to focus on, intensify, and misinterpret bodily sensations and somatic sensations triggered by states of emotional arousal; moreover, higher pain intensity to rectal distension in alexithymic IBS patients than in non-alexithymic controls has been documented.






Table 3 Emotional patterns and irritable bowel syndrome
	· Negative emotions, which are probably more entangled with neurobiological substrates, seem to have a key role in the brain-gut axis dysfunction which characterizes irritable bowel syndrome (IBS).

	· Anger, anxiety, and depression have been consistently associated to visceral and pain hypersensitivity. In the presence of negative emotions, visceral sensations tend to be more noticeable and labeled as painful.

	· Emotional arousal can augment colonic motility and diarrhoea;laboratory studies have provided evidence that anger-provoking conditions significantly increased colon motility in IBS patients, whereas anger suppression was associated with prolonged gastric emptying and delayed gut transit.

	· A role for negative emotions in low-grade inflammation and altered immune activity in IBS has garnered support from studies demonstrating alterations on several inflammatory and immune parameters resulting in an imbalance of the proinflammatory and anti-inflammatory cytokines.






Emotional patterns

Figure 1 Emotional patterns: Positive and negative emotions.
High PA levels translate into high energy, activity and concentration.
High NA levels are associated with significant subjective distress and dissatisfaction across time and in everyday life, low self-esteem, introspective tendencies, pessimism, negative thoughts, poor tolerance to stressors, and low energy.
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